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Figure 2-11 

EXPERIMENTAL SHORT BACKFIRE PRIMARY RADIATOR for high-gain 
antenna used to demonstrate pattern equalization by fins around 
periphery. 

with an  experimental  model show good equalization down to - 10 db on 

each s ide of the main beam (Figure 2 -  12).  

Maximum gain is obtained f r o m  the antenna by using a 1 0  db edge 

taper  in the illumination of the parabola by the pr imary  radiator.  

result ing beamwidth is 3.  2 degrees with a 0. 43 focal length to diameter 

ratio. 

The 

The reflector i s  made f rom 3 / 4  inch honeycomb sandwich construc- 

The feed is held by a tripod of aIuminum alloy tubes. tion. 

is a l so  pa r t  of the tie-down in the stowed position. 

ring, of 2-inch aluminum alloy tubing joins the antenna to the support a r m  

that connects to the drive mechanism. 

This tripod 

A 70-inch diameter 

In the stowed position the antenna feed tripod fits into a r eces s  in 

the upper portion of the equipment module. The meteroid panel se rves  a s  

a s t ruc ture  for  the mounting of the re lease  device, which is tension loaded 

to the feed s t ructure .  

support  the antenna in i ts  stowed position. 

Two bearing pads, one on either side of the reflector,  

Table 2-10 shows the results of a tradeoff study f rom which the 

focus feed parabola was selected-for maximum gain per pound and lowest 

development r i sk  involved. 
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operated in either coherent o r  noncoherent modes. 

reference within the selected transmitter.  

the t ransmit ter  are given in the preliminary specifications of Figures  2-23,  

2-24, and 2-25. 

Lack of a coherent 

Details of the components of 

Baseband Assembly 

Purpose 
Accepts multiplexed rignolr (video and telemetry) fmm the 
telemetry rubsystem ond turnaround ranging code fmm the 
receiver, sums the selected rignolr in on amplitude rotio 
which provides the correct mcdulotion Indices, o d  filters 
the signal to limit the borebond frequency spctwm. A 
rmgtng ON/OFF switch I I  included IO thot selection 
between video ond ranging signal can be achieved. 

Performance Characteristics 
UNIT SPECIFICATION 

I )  Frequency range: 

2) Voltoge goin: Mjvrtoble -10 to 110 db 
3) Input/output impedonce: 50 ohm 
4) Maximum output swing pp: 3.0 V pp minimum 
5) Individual level control: IO db 
6)  Range: 

I) Opsmting tempmture: 
8) Weiht :  1 .O Ib mmimum 

9) Dimensions: 

100 Hr I . 5  MHr I I 0 db 
-30 db a 3 MHr 

OOC to 6 5 ' ~  

3.5 x 5.0 x 2.5 in. 
maximum 

I I 
ENGINEERING DATA 
SUBCARRIER (I ,024 MHz) OUTPUT FAILURE 

LOGIC 
DETECTION 

- 

COMMAND 
SUBSYSTEM 

FROM 
RECEIVER 
SELECTOR 

PRN RANGING l-v 
OUTPUT 

I 

CONTROL 

1 

L 

REDUNDANT 
CHANNEL 

(SAME AS ABOVE) I c CONTROL 

COMMAND 
OVERRIDE 
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TRWSYSTEMS 

Modulator Exciter 
The modulator-exciter phose modulated the telemetry and mnging rignalr onto 
an S-bond carrier operotlng in either a coherent or noncoherent mode. For the 
coherent mode, the coherent/noncoherent switch selects the coherent source 
input from the receiver. Otherwise, the output from an internal crystal 
oscillator is selected. The barebond signal i s  linearily phase-modulated 
onto the carrier, then mult ipl ied and amplified to 0 level of 100 m w  for 
the modulator-exciter and 1.0 watt for the l o w - p w e r  tranmitter 

Purpose 

70 MHz (approximately) 

30 times the input frequency, 
approximately 2295 M H r  

Perforrna n ce Coherent input frequency: 

Output freqvency: Characteristics 
Noncoherent reference source: 70 MHz (opproximotely) 

Power output: 100 mw minimum (exciter 
1 .O watt minimum ( low 
power transmitter) 

Output phose stability (noncoherent mode): 

Output frequency stability of the 
reference source: a) short-term i n  20 min 

b) long-term, i n  12 hr  

6 deg peok maximum 

Modulation badw id th :  2.0 MHz 

Peok modulotion: 3.0 rads 

Modulotion seni i t iv i  ty : 

Modulation input impedance: 

0.75 rad/volt 

5.0 kilohm shunted by 25 pf  maximum 

Input/output impedance: 

VSWR input/output: 

Spurious outp l t r :  

Weight: 

Physical dimensions: 

50 ohm 

1.2:l  
a l l  I urious output rhol l  be lesi than 
50 dp below unmodulated carrier 

3.0 Ib 

8 . 2 5 ~ 5 ~  1 .65 in .  

Operating temperature: ooc to MOOC . 
POWER 

REGULATOR 
POWER I N P U T 4  , SUPPLY , I 

MODE SELECTOR 1 - 
f f f f + 

C O M  CARRIER+ NAE$M .--) x2 - PHASE --+ AMPLIFIER --* X I 5  4 AMPLIFIER L"d",':oR 
INPUT MODULATOR 

SWITCH 

4 1 
DATA INPUT- RF 

OUTPUT 

2 -44  



Power Amplifier (TWT) and Power Supply 

Purpose 
The power ompliFiers raise the S-bnd  signal From the modulator- 
exciters to D level of 50 watts. The power amplifier includes a 
travel ing wave tube, power supply, calibrated telemetry voltage generation 
circuits, RF power monitor, and RF output f i l ter. A uni t  in compliance 
wi th  the specifications given below i s  in o pilot production stage. 

X1250 50 WATT MA ENGINEERIWG MOOEL - 

Performance Characterist'cs 
UNIT SPECIFICATION 

2295 L 5 MHz ( 1  db points) 

50 w d t i  minimum 
1) Frequency: 

2) Power OutpUt: 

3) RF gain roturated: 30 db minimum 

4) Input/output impedance: 50 ohms 

5) VSWR inpt/output: 1.2:l 

6) Noi re figure: 35 db maximum 

7 )  Power SUpplY: 

8) Overol l  RF/DC effeciency: 30 percent minimum 

+37 volts to +50 VDC 

9)  Spurious output: N o t  more than -80 dbm in any I CQS 

band i n  the ronge 2290 to 2300 MHz  

IO) Harmonics: No t  more than -60 db below 

11) Turn on time: 90 iec moximum 

12) The TWT and power supply i s  not susceptible to electromagnetic 
rodiotion ond doer not generate more than 0 . 2  gommo ot 6 feet 
from the gun end. 

13) Operating l i fe  time: 10.000 hours minimum continuom 

14) Operating temperature range: 

15) Vibration (operoting): 20 G'r 

unmoduloted carrier 

without performance degradation 

-30°C to +lOO°C (boreplote 
temperature) 

20 tO 2,000 CpS Shock (operating): 
200 G'r I i 0.5  miec 

16) Weight (TWT ond power supply): 7.8 I b  

17) Physical dimensions: 1 2 r 6 x 3 i n .  

2. 3 .  5 Receivers 

The receiving equipment includes preamplifiers and phase lock 

receivers .  Specifications for these units a r e  given in Figures 2 - 2 6  and 

2-27 .  

.?. 3.  6 Selectors and R F  Switches and Diplexer 

The selectors and radio frequency switches include the low gain 

antenna selector,  the t ransmit ter  selector,  the receiver selector,  and 

the circulator switches. 

Figures  2 - 2 8 ,  2-29 ,  2 - 3 0 ,  2-31,  and. 2 - 3 2 .  

Specifications for these units a r e  given in 
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TRWSYSTEMS 

P h a se-loc k Receiver 

.I M1.I .1.1.1.1.1.1.1.1 .I.I . - 
z 

Purpose z 
I 

I 
- 
- 
I 

reference ond a demodulated bareband rjgnol It 0150 I 
The phose-lock receiver provider o coherent carrier 

provbder a "signal present' output proprt lonal  to the 
received rignol strength I 

m tntenediote frequency operating ot the some frequency m 

demodulate the second IF The PRN ranging I S  obtained - 
z 

- 
- 
- The receiver 8 1  a double hetrodyne unit wNth the second 

locally generated reference mc j l la to r  Two phase detector5 I 

fmm a wjdebond phose detector ond the command rubcarrier 
from a I~arrow band phose detector which also producer the 
error rlgnol to drtve the phose locked first local  oscillator 
The error r~gnal  IS  f#ltered and applied to o V C O  The 

w,th the reference m c t l l d o r  to produce the phose-locked 

' r t gno l  present output I obtabned by correlotjng the 
reference OIClllotor output with the second mtermedlate 
frequency r lgn0l  I" a coherent omplltude detector (CAD) 

- 

I 

I 

I 

I 

I 

I 

I 

I 

I 

- 
controlled output of  the VCO I S  multiplied ond combined 

flnt m d  recond 10coI ~ ~ ~ i l l o t o r  frequencies The - - 
- 
- 
- 
- 
- 
- Performance Characteristics 

I )  RF input frequency 21 15 MHz + 5 MHr I 

2) Comer tracking loop noise I 
bondw idth 32 Hz - 

8 3) Noire fIgurc IO db meximum - 
I 

5) Video channel bmdw dth I 5 M H r  I 

- 

- 4) IF bondwIdth 4 0 MHz 

- 6) Operating dynamic range -145 to -30 dbm 

7) Phase-lock loop threrhold 145 dbm (6 db SNR) 

8) Video output 0 2 V pp to be squelched 

I 

I 
- 

when the receiver I S  not 
locked 

9) Static phore error Output to be provided 
to Indicate loop stress 

101 Sqnol  present 0"lp"t To be provided to Nndtcate 
lock-on condition 

I I )  Coherent carrier reference 70 MHz output for 
coherent drive reference 
which I I  8/221 of the RF 
("put frequency 

12) RF tnput/output impedance 50 ohms 
13) RF Input/output VSWR I 4 1  
14) Weight 3 0 Ib 

15) Dimenrmnr 7 2 5 x 5 x 3 1 n  

16) Operoting temperoture O°C to t65OC 

- 

COHERENT 
TO TRANSMITTER 8fl 

t 
OUTPUT - 

l . l I 1 . 1 . 1 .  lI1.1.1I1a111m1.1.1. 1.1. 1.1.1.111.1.1.1.1.1.1.1.1.1.1.1~1m1. I I I . 1 I l . l . I I l .  

- 
LOOP >TRESS I 

h -  

Figure 2-26 

2 - 4 6  



Purpose 

The preamplifier receives the low-level S-band r i g n d  from the ontenno 
ond provides low-noire widebond a p l i f i c a t i o n  for the phase-lock 
receiver. 

The unit i s  an a l l  solid state four-rtoge common-emitter amplifier 
bu i l t  on 0 strip l ine board. The first stage motches the input 
impedance and i s  optimized for minimum noise figure and max- 
imum goin. The hvo intermediate stager provide necessary gain, 
while the output stoge provider required output drive ond matches 
with the load. 

Performance Characteristics 
Frequency: 

Gain: 20 db nomind 

Noise figure: 5 db maximum 

Power output: -10 dbm 

Input/output impedance: 50 dbm 

Input/output VSWR: I .4:1 maximum 

Supply voltoge: 

2115 MHr t 10 MHz 

-15 d c  t 5% 

Physical Characteristics 
Weight: 0.4 Ib mox 

Dimensions: 3 x 2 x 1 in.  max 

Operating temperature ronge: ooc *O0C 
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~ R ~ S Y S T E M S  a 
L 

Purpose 
The circulator switch arsembly tronrferr any of the three tronmit ter  
outputs to any of the four  antennas, v i0 diplexen. 
f ive independent circulotor switcher which are controlled independently. 
Swrtching i s  occomplirhed by controll ing the state of circulator polarization. 
The switcher and the control circuitry are integrated into one package. 

The uni t  exhibits full latching properties, requiring no power to maintain 
o particular polorimtion 
the state, approximately one ampere for 50 microseconds. The 
contml dircuitry provider the required dr ive.  
Voyager requirements ore readily obtainable. 

I t  consNst6 of 

I t  requires a high energy pulse to change 

Units meeting 0 1 1  of the 

Pe rfo rm a n ce Characteristics 
Frequency: 

lnrertioii lois P R N  section: 

lrolotion between sectionl: 

Power hondling copacil ity: 

Input/output impedonce: 50 ohms 

Input/output VSWR (parrbondr): 

Power supply: 

Control logic inputs: + I . O V p p D C  

2295 MHz + 5 MHz 

0 3 db maximum 

2 5  db minimum 

150 watts cw 

I .2:1 maximum 

+37 to 50 VDC 

Physical Characteristics 
Weight: 7 . 5  Ib 
Dimensions: l O x 6 x 6 i n  

Temperolure range (operoling): O0C to tb5OC 

POWER AMPLIFIER 
N O .  1 1 

POWER AMPLIFIER- 
N O .  2 

MEDIUM 

ANTENNA 
- G A I N  

HIGH G A I N  
ANTENNA 

LOW POWER 
TRANSMITTER 

TRANSMITTER 
SELECTOR 

LOW G A I N  
ANTENNA 
N O .  I 

LOW G A I N  
ANTENNA 
N O .  2 

I 
+50V 

Dialexer 

Purpose 
The diplexei o l l o w ~  o common ontenno to be "red for both 
tronmirsion ond ieception i imultoneovrly, by directing 
the troiirmitted ond received rignol to the antenno ond 
receiver  respectively 

The unit effectively consists of  two bondparr f i l te i r  
scctioin and 0 rnatcliii,g iunctio,i Tlie unit I ~ e o d ~ l y  
ovoilohle from sever01 rupplierr. 

h 
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8 
- 

Canopus Sensor 

Purpose 
Sense the position of the Star Campus and provide error signals 
for roll control. 
two axis and odiurtable threshold. 

Provider electronic gimballing capability in  

Performance Characteristics 
Acquisition f ie ld  of view: 4 O  x 3oo 

l o x  I O  l n s t o n t m w s  f ie ld  of view: 

Gimballing: A l l  electronic in  both axis 
Closed I m p  feedback 

Sensitivity: Brighter thm to.5 mv 

Threshold: Adjustable on command to 
nominol 0.6, 0.4, and 0.3 
canapus 

Noi re  equivalent angle: 

Time conrtont: 

Optics: 

15 arcrecondr mr 

0.3 second +0.5 second 

20 mm F/I .O refractive 

Physical Characteristics 
Size: 4 x I 2 i n .  

Weight: 7 Ib  

Power: 6 watts (peak) 

m 
8 
- 
8 

8 
- 

DEFLECTION CURRENTS 

1 DEFLECTION COILS 

ROLL ERROR 
TRACKING ERROR 

CIRCUITS 

A A A A A  

AMPLIFIER 
CIRCUIT PITCH ERROR 

b LOAD IMAGE DISSECTOR VIDEO 
PROCESSOR 

OPTICS f, 
t- 

5 

TRACK 
SCAN 

CIRCUITS 

HIGH 
VOLTAGE 

POWER 
SUPPLY 

ACTUATOR ----* - 
ACQUISITION 

SCAN 
CIRCUITS 

MODE 
SENSOR CONTROL 

ro ALL CIRCUITS 

8 
- 

8 

8 
- 
8 - 

8 - 
8 

8 
- 

z 
8 

8 

8 

- 
- 
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Perf orm a n ce Characteristics 
(single bottery) 

I ,  Nominol capocity: 16 ompere houri 

2 Voltage ,ange: 37 to 50 v o l t i  

3. Average dirchorgr currelit: 3 5 amperes 

4 Nominal discharge voltaqe: 41 volts 

Physical Characteristics 

1. Bottery type' Hermetically reoled nickelkcadmium 

2 Number of cells: 33 le, ,el connected 

3. Charge control renring: Voltage (tempeiotuce compenroted) cutoff 

4 Weight: 50 pounds 

5. Sire: 1 6 . 9 ~  8 . 6 ~  6.7 in.  

Battery System 
(3  batterier) 

1 Nominal  copocity: 48 ampere houri 

2. Depth-of-discharge: 50 percent 

3. Weight: 150 pounds 

TRW NICKEL-CADMIUM BATTERY (TYPICAL) USED ON VELA 

7 . 3 . 3 . 1  Boost Regulator 

A block diagram of a boost regulator is shown in Figure 7 -1 8. 
regulator i s  controlled by a proportional signal f rom the e r r o r  amplifier 

of the main bus voltage sensor.  

frequency pulse-width modulator which controls a power inverter.  

power inverter has, a s  i t s  input, solar a r r a y  voltage. This voltage i s  

stepped up in the inverter and the resulting AC output rectified, f i l tered,  

and supplied to the main bus. Since the bus voltage w i l l  be clamped to 

the battery voltage p r io r  to switching the battery to tr ickle charge,  the 

boost regulator w i l l  be boosting the main bus voltage toward the voltage 

l imit ,  50 volts *1 percent DC. 

the last battery has reached i ts  temperature-compensated voltage limit. 

A curren t  limit also controls the boost regulator to preclude charging 

a battery at,too high a current  rate.  The major  protion of the main bus 

power i s  supplied directly through a se r i e s  diode in the boost regulator. 

The inverter therefore handles only the additional power needed to r a i se  

The 

This regulator consists of a constant- 

The 

It will reach this limit and maintain i t  when 

7 - 2 2  




































































